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Introduction, 

The  object  of  this  thesis  is  to  design  a  steel  grand- 
stand for  Illinois  Pield,  University  of  Illinois,  which  shall 
have  a  seating  capacity  betwt3en  five  thousand  and  five  thous- 
and five  hundred  people.     The  field  is  very  level  and  no  con- 
tour map  na;^d  "be  made.     Since  the  "gridiron"   is  330  feet  long, 
a  stand  will  be  designed  for  a  length  of  250  fe^t.     ¥ith  this 
length  and  seating  capacity,  the  grand-stand  will  be  design- 
ed so  that  a  portion  of  the  seats  are  on  the  roof. 

It  is  only  of  recent  years  that  steel  grand-stands  have 
been  under  consideration,  but  at  the  present  time  several 
large  driving  parks  /lave  built,  or  are  contemplating  the  build 
ing  of,  large  steel  grand-stands.     Tie  first  one  was  erected 
at  Monmouth,  Nev/  Jersey.     It  was  designed  by  Mr.  P.S.  WillioiSr' 
son,  and  is  700  fe  )t  long,  210  feet  wile,  and  will  accomo- 
date 10,000  people.     It  is  notable  for  its  size  and  its  canti- 
lever roof,  which  projects  75  fe )t  to  the  front  and  25  feet 
to  the  rear  of  the  main  structure.    Another  grand-stand  erect- 
at  Yonker's,  New  York,  for  the  Empire  City  Trotting  Club,  has 

a  capacity  of  7,700,  and  was  built  at  a  cost  of  $100,000. 
This  is  400  feot  long,  90.5  fe.-it  wide,  over  all,  and  70  feet 
high.     This  stand  also  has  a  cantilever  roof,  W'lich  projects 
20.5  feet  to  the  front  and  15.5  fecot  to  the  rear.     The  larg- 
est and  most  costly  structure  of  this  type  ever  constructed 
is  at  Belmont  Driving  park,  on  Long  Island,  near  llew  York 
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City.     It  is  650  fe.;t  long,   116  fset  wide,  and  55  feet  hi^^h, 
and  has  a  seating  capacity  of  11,000  people.     There  are 
4,500,  000  pounds  of  steel  in  the  structure,   its  total  cost 
being  ^^450,  000. 

The  Design. 

The  grand-stand  is  250  feet  in  length,  7  5  fset  in  v/idth, 
and  61  feit  3  inches     in  height,  with  a  cantilevir  roof  ex- 
tending 8  fe  ^t  over  the  front     (  See  page  lo ).    The  seat  truss^^ 
es  and  the  roof  trusses  are  spaced  16  fe'3t  8  inches  a  part, 
with  columns  at  each  truss  in  the  rsar,  while  along  the  front 
they  are  supported  only  at  ev<3ry  t.  ird  truss  in  ordar  to  ob- 
struct the  viev7  as  little  as  possible.     The  intermediate  roof 
trusses  are  supported  in  front  by  means  of  trusses  4  feet 
deep  fastened  to  the  front  columns.     There  are  twent3/--six 
rows  of  seats  in  the  main  seating  portion,  with  5-foot  aisles- 
spaced  every  50  feet      (  See  page  iq).   "Each  aisle  will  have 
an  entrance  from  the  front  of  the  grand-stand.     There  are  nine 
rows  of  seats  on  the  roof  with  aisles  as  in  the  main  seating 
portion      (  See  page  lo).    The  seats  on  the  roof  are  reached 
by  means  of  two  4-foot  stairways,  one  at  each  end  of  the  grand 
stand      (  See  the  side  eleva-tion,  page  9   )-    The  seats  are 
of  slag  concrete  with  2-inGh  boards  fastened  to  concrete  as 
shown  in  the  detailed  drawing  (  see  page  9   ).  The  seats  in 
the  main  portion  have  backs,  while  those  on  the  roof  have 
none . 

It  was  decided  that  a  synitnetr ical  Pink  truss  would  be 
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the  best  fonn  of  roof  truss,  since  the  front  portion  of  the 
roof  will  he  used  for  seats.     This  will  give  a  better  view 
of  the  field  to  those  seated  on  the  roof. 

The  Specifications, 

Ketchum's  "General  Specifications  for  Steel-Prane  Mill 
Building"  was  used  in  this  design.     A  dead  or  minimum  snow 
load  of  ten  pounds  per  square  foot,  horizontal  projection  was 
used.     A  xuaximum  snow  load  was  taken  at  20  pounds  per  square 
foot  horizontal  projection.     The  wind  load  was  obtain-ed  from 
a  curve  based  on  Duchermin's  formula,  considering  the  wind 
force  as  30  pounds  per  square  foot,  vertical  projection  . 
This  gave  20  pounds  per  square  foot,  normal  projection,  for 
each  side  of  the  roof,  since  the  roof  truss  is  sianmetr ical . 
The  roof  trusses  were  designed  to  take  the  maximum  stress 
caused  by  the  maximum  wind  and  minimum  snov/,  acting  together; 
or  by  the  dead  load  and  maximum  snow  load  acting  together. 
It  is  not  necessary  to  consider  the  maximum  snow  and  the  max- 
imum wind  acting  together,  as  this  condition  will  never  ex- 
ist.    The  wind  load  on  the  seats  was  taken  as  20  pounds  per 
square  foot,  vertical  projection. 

The  allowable  unit  tensile  stress  was  taken  as  16,000 

pounds  p2r  square  inch  of  net  section.     The  allowable  unit 

compressive  stress  used  was  : 

1 

16,000     -  70r  , 
where  _1  =  length  of  member  in  inches,  center  to  center  of 
end  connections. 
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r     =  laast  radius  of  gyration  of  member  in  inches. 

The  allowable  shearing  stress  on  the  rivets  was  taken 
as  11,000  pounds  per  square  inch,  and  the  bearing  value  as 
22,000  pounds  per  square  inch.    Field  riveting  was  consider- 
ed to  be  two-thirds  as  efficient  as  shop  riveting,  and  was 
avoided  where  possible  • 

Slag  concrete  was  us,ed  for  the  steps,   (see  page  9  )> 
instead  of  crushed  stone  concrete,  to  reduce  the  weight  of 
the  structure  as  much  as  possible;     and  its  weight  was  taken 
as  100.  pounds  per  cubic  foot.     The  dead  load  of  the  seats, 
including  concrete,  angles,  platss,  corrugated  steel,  lum- 
ber, etc.,  was  taken  as  33  pounds  per  square  foot.     The  live 
load,   considering  the  weight  of  the  averaje  person  as  150 
pounds,   is  38  pounds  per  square  foot.    The  total  load  as 
calculated  equals  71  pounds  per  square  foot.     The  seats  and 
seat  trusses  were  designed  for  a  total  load  of  75  pounds 
per  square  foot. 

Since  the  roof  trusses  are  fixed  in  the  rear  by  the  seat 
trusses,     (  see  page 9     )   ,  there  is  no  bending  moment  in  the 
front  post.     The  cantilever  roof  projects  8  feet  in  front 
of  the  main  roof  to  protect  the  persons  in  the  front  rows  of 
seats  from  inclement  w;ather. 

The  sjomuetr ical  type  of  roof  truss  gave  the  persons  se:.t- 
ed  on  the  roof  the  best  possible  view  of  the  field.     In  se- 
lecting the  type  of  the  roof  due  consideration  was  given  to 
the  view  of  both  the  people  in  the  main  seating  portion  and 
also  on  the  roof.     There  are  nine  '^ows  of  seats  on  the  roof. 


(5) 

(  see  page   9    )     .     If  more  than  this  number  be  used,  the 
people  occupying  the  top  seats  will  be  annoyed  by  the  widd 
blowing  upon  them  from' the  rear  of  the  grand-stand. 

The  seats  on  the  roof  are  reached  by  means  of  a  stair- 
way fourfe^^t  wide  at  each  end  of  the  grand-stand      (see  page 
10    ).     The  stairway  has  two  intermediate  platforms  ,  4x5  feet, 
and  a  top  platform,  4x4  fecjt      (  See  page    lo  ).    J3etween  the 
platforns  are  nineteen  steps,  1  foot  \wrde,  and  nine  inches 
high.    Each  -platform  is  support:?d  by  four  columns  composed  of 
4"x4"x  5/16"  angles,  which  also  carry  the  step  construction 
(  sea  page   9  ) .     Thesa  columns  are  braced  every  7  f aet  6 
inches  with  2"x2"xlx4"  angles.     These  steps  are  carried  by 
three  rows  of  10  -inch  15-pound  channels.     On  these  channels 
are  bolted  special  c.ist-iron  stair  sections.     The  steps  a-^e 
made  of  a  checkered  cast-iron  plate  l'xl/4"x4' .     The  plat- 
forms are  of  concrete  construction  same  as  the  seats  and  sup- 
ported by  channels  connected  to  the  columns. 

As  there  is  a  great  tendency  for  the  wind  to  overturn  a 
structure  of  this  kind,     especially  when  there  are  no  people 
in  it  ,   large  footings  must  be  used  .     The  largest  of  these 
are  under  the  front  intermediate  seat  trusses  .    When  the 
wind  acts  from  the  front,  these  footings  a^e  subjected  to  a 
large  sliding  and  overturning  force  acting  towards  the  rear. 
The  footings  are  designed  to  resist  this  force,  which  accounts 
for  their  form  and  size      (  See  page     9  ). 
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Stress  Diagrams. 


The  stresses  in  the  roof  truss  and  other  parts  of  the 
structure  for  the  various  loads  and  the  different  combinations 
of  them  are  shown  in  the  diagrams  on  pages    7  and  8.  The 
maxiiQum  stresses  are  shown  on  page  8, 

Weight  and  Cost. 


The  weight  of  the  metal  in  the  gr^nd-stand,  exclusive, 
of  the  corrugated  steel  and  gas  pipe,   is  445,910  pounds. 
The  structure  contains  189,  280  pounds  of  galvanized  corru- 
gated steel,  2,350  feet  of  gas  pipe,  315  cuhic  yards  of  con 
Crete,  and  33,110  feot  of  lumber. 

In  estimating  the  cost  of  the  grand-stand  the  follow- 
ing prices  were  used:  structural  steel  placed  and  painted, 
3  3/4cents  per  pound;  galvanized  corrugated  steel  placed  , 
3  cents  per  pound;  concrete  placed,  $6  per  cubic  yard;  liKii 
ber,  $27  per  thousand  feet;  gas  pipe,  8  1/2  cents  per  foot. 
With  these  prices  the  total  cost  of  the  grand-stand  is 
$25,400. 


-^^-  -i^jjk 


;/'.^--         jvilN.  r--^  :7'-'^^\„  ,^ 


if.  4:  * 


^  4-  f 

if      if^       ^        ^  # 

^  ^  ^  ^ 

^iJifc.      4*.  ji^-      ij^"       ^  -sife  Jk  ^ 

^      IF      T**^.     ^     T|P^  /H^-    ^      Tp-     tI^  1*^  W 

-  1^  ^    ^  ^  ^  ^  ^N-, 

^  #^  ^  1^  ^     ^  ^ 

*^   #-  ^'  #   ^   #    #    4-  4^  -i^ 

.  1^  ^  f     -#     #     ^"  #:  ^  ^      ^  ,  ^      ^  . 

If*  'W     IT-  /  ^  I  ^         ~  /  ^     -f^      lr  , 

^  4^^-- 

^     ^  ^  ^  ^  ^     ^     ^     ^  ^ 
#      #      ^  ^  ^      ^  ^.-^  ^  # 

'  f      Tfi-  ^      ^      >      i^.       f      il^      h  f-^ 

^  ^    ^    #    ^    ^    ^_ ,  ^    ^    ^  4  ^ 

-#     ^     ^     *     f^-  ^  ^  * 

^      ^      1^-   4  ^    ^     ^     ^  -^--^^^ 

if^  #    ^    *    IK    ^    ^    ^        ^  ^  ^^-^^  ^  ^ 

^    t     t^.,  1^     #    ^  ^    ^  #  ^ 

#  ^    ^    ^    ^  ^     ^  ^         ^  4^'^ 

^  ^      ^-    ^-  ^     ^     ^     ^     ^      ^    ^    ^  4-. 

*     If.-,  ^    ^  ^  ^    4     ^     4  ^   ^    ^  ^ 

^    ^    ^   ^         ^         #  '  ^   ^    ^         ^  --^ 

ijii  ^.^^   ^    ^    ^     f  ^    ^    ^    ^  ^ 

^--^  ^    #    ^   f         ^    ^  ^    I.    #  ij. 

-^V  ,  #  *  7*^        ^        ^  *  ifc'^  ^  ^  ^ 


